Introduction
In spite of numerous zooplankton studies in the Southern Ocean collections from waters close to the Antarctic con- Farran 1929) . A corresponding investigation in the Weddell Sea which extends to 78 °S in the Atlantic sector of the Southern Ocean has not been carried out so far. Taxonomy of Antarctic zooplankton has been studied sufficiently, and except in the Weddell Sea and many coastal regions, the geographical distribution of most taxa is known (e.g., Mackintosh 1934; Baker 1954; Marr 1962 among others) . Antarctic zooplankton communities, however, were described only by few authors (Hardy and Gunther 1936; Rakusa-Suszczewski 1983; Hopkins 1985a) , and information on seasonal development is even more scarce (Voronina 1970 (Voronina , 1972a . Although many Antarctic expeditions reached the northern Weddell Sea, zooplankton research south of 70 °S was virtually non-existent before 1976/1977. The only exceptions are vertical net samples from the Deutschland collected during her ice-drift (1911/1912) . From these samples the occurrence of appendicularians (Lohmann 1928) , polychaetes (Augener 1929) , hydromedusae (Thiel 1931) and chaetognaths (Bollmann 1934 ) was described. Zooplankton collections during four Polarsirkel expeditions (1976) (1977) (1978) (1979) (1980) (1981) showed an unexpected high species diversity in the pelagic ecosystem of the high-Antarctic shelves. The euphausiid Euphausia crystallorophias, the copepods Ctenocalanus vanus and Oithona spp. and the postlarvae of the Antarctic silverfish Pleuragramma antarcticum were abundant components of the zooplankton (e.g., Fevolden 1979 Fevolden , 1980 Hempel and Hempel 1982; Hempel et al. 1983; Kaczmaruk 1983; Keller 1983) . Recently Hubold and Hempel (1987) for the first time studied the seasonal variability of zooplankton in the southern Weddell Sea by comparing the abundances of 18 frequently occurring zooplankton taxa of varying taxonomic level. A comprehensive and quantitative analysis of the zooplankton and its community structure related 18 to the water masses and the current system was, however, still lacking.
The aim of the present investigation is to fill this gap by surveying the summer distribution of the epipelagic zooplankton on a large scale in the inner Weddell Sea, to sample a broad size spectrum of zooplankton by combining RMT 1 (320 gm) and RMT 8 (4500 gm) samples, and to analyze its composition considering the synecological aspect. Due to stratified sampling we describe horizontal and vertical distribution of the prevailing zooplankton species. Regarding earlier zooplankton studies carried out in the Weddell Sea and in adjacent waters the paper gives a systematic review on regularly occurring species. Another main objective is the analysis of zooplankton communities. In order to decide whether topography, water masses and current systems separate distinct zooplankton communities, the survey covered the open sea as well as the polynyas close to the continent. These communities will be characterized by their faunal components and by their different trophic structures.
Material and Methods
Zooplankton was collected in February and March 1983 from RV Polarstern using a RMT 1 + 8 m (multiple Rectangular Midwater Trawl). A detailed description of the net is given by Baker et al. (1973) , and Roe and Shale (1979) . It consists of two net systems fishing synchronously with different mesh sizes (320 and 4500 Ixm) and mouth openings (1 m 2 and 8 m2). This RMT equipped with three net pairs opened and closed sequentially by hydroacoustic transmission. Standard oblique hauls were made in the depth strata 300-200 m, 200-50 m (thermocline) and 50-0 m. However, for community analysis the three layers were treated as one single oblique haul. Filtered water volumes were calculated considering net speed, net angle and flow data according to Roe et al. (1980) . Station lists are published by Drescher et al. (1983) .
From a total of 39 hauls carried out in the inner Weddell Sea we have chosen 32 hauls with comparable fishing depths to study community analysis. The majority of the hauls was done in the summer polynya parallel to the shelf ice barrier (Fig. 1) . Consequently 22 of the stations were located in shelf areas, the other ten in oceanic waters. Sampling took place exclusively during daylight from 6 February to 10 March 1983. Samples were preserved in 4°70 buffered formaldehyd sea water solution. In case of RMT 8-samples all organisms > 5 mm were counted and identified to species level ignoring copepods, euphausiid larvae, and small polychaetes. Nearly all RMT 1-samples were split with a Wiborgsubsampler down to 1/10 to count larval euphausiids, copepods, ostracods, juvenile polychaetes and small gastropods from the aliquot. All other groups were counted from the entire sample. The plankton species of the RMT 1-samples were identified down to species and/or stage level (Table 1) , however the copepodites I-III of Calanuspropinquus and Calanoides acutus were not separated. According to Heron and Bowman (1971) the species name Ctenocalanus citer is used instead of Ctenocalanus vanus. Therefore earlier findings of Ctenocalanus vanus from Antarctic waters (e.g., Kaczmaruk 1983; Hopkins 1987) are probably Ctenocalanus citer. In the controversial pteropod taxonomy we used the species names according to Van der Spoel (1967) . Chaetognaths and tomopteriids were counted in total, with species identification only of the RMT 8-samples. Unpublished data on fish larvae were provided by G. Hubold (personal communication) . Species abundance was calculated in n/1000 m 3. Maps of the geographical distribution of most species and full details on their vertical distribution are available in the doctoral theses of the authors (Boysen-Ennen 1987; Piatkowski 1987) . Abundances of species of both net systems were compared, and in each case the higher value was considered to adjust effects of net selection.
Agglomerative hierarchical cluster analysis (B61ter et al. 1980; BOlter and Meyer 1986 ) was applied to differentiate zooplankton communities. Similarities between stations were expressed by Canberra metric (Lance and Williams 1967) , which groups the stations according to both presence and abundance of species. Species which occurred only once or twice in the samples were excluded from community analysis. Sampiing, subsampling and sorting procedure as well as data analysis were described in detail by Boysen-Ennen (1987) and Piatkowski (1987) .
We have classified the zooplankton species into four trophic groups considering the prevailing feeding habit: fine-filter feeders, coarse-filter feeders, omnivores (mixed mode feeders), and carnivores (grasping, (Petipa et al. 1970; S.B. Schiel, personal communication) . We considered the feeding habit of adult forms only. For example, fine-filter feeders are the copepodites I-III of the Calanidae (Marshall and Orr 1956 ) and the calyptopis stages of Euphausia crystallorophias (Kittel and Ligowski 1980) . Coarse-filter feeders are adults and copepodites IV-V of Calanus propinquus and Calanoides acutus (Schnack 1983) , Ctenocalanus citer (S. B. Schiel, personal communication) and Rhincalanus gigas (Andrews 1966) , the pteropod Limacina helicina (Morton 1954) , furciliae, juveniles and adults of Euphausia crystallorophias (Kittel and Ligowski 1980) and Euphausia superba (e.g., Kils 1983) . The copepod Metridia gerlachei, the euphausiid Thysanoessa macrura, the ostracods Conchoecia spp. and the Scolecithridae are omnivorous (Wickstead 1962; Hopkins 1985b) . Chaetognaths and Euchaetidae (Hopkins 1985b) , the copepods Oithona spp. and Oncaea spp. (Timonin 1973) , siphonophores (Biggs 1977) , amphipods (e.g., Harbison et al. 1977; Slattery and Oliver 1986) and the early life stages of the Antarctic silverfish Pleuragramma antarcticum (Kellermann 1987) are carnivorous.
Hydrography
The western Weddell Sea is covered by ice all year round. In the eastern Weddell Sea the northern part is ice-free in summer and along the ice shelf barrier there are large polynyas extending to the Gould Bay in the south. The time of ice-free water decreases from several months in the north to few weeks in the south (Strtibing 1982) , and 19 the successive melting process likely causes seasonality in the pelagic community. High primary production was measured in leads and polynyas during austral summer (e.g., E1-Sayed and Taguchi 1981; Von BrOckel 1985) , and besides bottom topography and water masses it has an important influence on the plankton distribution. The central Weddell Sea is characterized by a large oceanic basin with an average depth of 4400 m (Carmack and Foster 1977 ). An extensive, deep shelf area is adjacent to the south interrupted by various innershelf trenches. Bottom topography, water temperature and salinity as measured along the coast-parallel main route of the 1983 Polarstern expedition (H. P. Koltermann, personal communication) , are summarized in a depth profile (Fig. 2) . The continent-near surface currents in the southern Weddell Sea as outlined by Foster (1975, 1977) are shown in Fig. 3 .
So-called Ice Shelf Water with temperatures as low as -2°C (Carmack and Foster 1975) covered by a warmer surface layer (-1.8 o to -0.5 °C) characterizes the coastal waters (Fig. 2) . Due to melting processes in summer, the surface layer has lower salinities, supporting stabilization of the water column (Fig. 2) 
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,-'.lNo oam) ~_ ---t~u_~-//f/~HrZOO,' -L%op~--: o780 Foster (1975) the eastern shelf is narrow and like the southern shelf interrupted by deep trenches, warmer water reaches up to the coast off Camp Norway and Halley Bay in a depth of more than 500 m (Fig. 2) . Like the Eastwind Drift a coastal current flows in westerly direction, creating a divergence zone at approximately 27 °W, near Halley Bay (Gill 1973; Carmack and Foster 1977) . Here the main component of the water masses follows the continental shelf slope to the north-west separating the cold Shelf Water from the Warm Deep Water. The other part of the coastal current continues as a coastal jet in a southwesterly direction to the southern shelf region (Fig. 3) . Near Halley Bay cold Ice Shelf Water rises to the surface (Fig. 2) , probably conditioned by seawards directed katabatic winds and the divergence zone in this region.
Results
A species list with mean abundances, frequencies of occurrence and percent occurrences in the three depth strata sampled is presented in Table 1 . Mean abundances are calculated from positive hauls only and are given for the RMT 1 or the RMT 8 (#). The frequency of occurrence (P °7o) is given for both nets if available. Positive hauls are more numerous for the RMT 8, although most species abundances are higher in the RMT 1-samples.
Number of Species
The meso-and macrozooplankton of the Weddell Sea consisted of at least 110 species including larval stages of benthic and nektonic forms. On the southern shelf a total of 55 species occurred regularly, eight of them were larvae and juveniles of benthic species. Sixty-four species were found on the north-eastern shelf. The epipelagic zooplankton of the oceanic Weddell Sea consisted of 61 species, many of them were typical forms of the Eastwind Drift. Some new species were discovered. Of these, two gammaridean amphipods were meanwhile taxonomically described: A tylopsis procerus Andres 1986 and Cheirimedon solidus Andres 1986 (Andres 1986 February and March 1983 . Abundance values represent a mean of all positive oblique 0-300 m hauls. They are given for the RMT 1 or the RMT 8 (#). sd = standard deviation, P = frequency of occurrence. The species presence on the southern shelf (S), on the north-eastern shelf (N) and in oceanic waters (O) is marked (+). The vertical distribution of abundant species in the three depth strata is shown in percentages 
Community Analysis
The analysis of zooplankton communities was carried out by cluster analysis. The result is shown in a dendrogram (Fig. 4) , where the ordinate presents the station groupings and the abscissa a similarity degree. Regarding a similarity degree of 60% the dendrogram shows five groups of stations (cluster i to 5). On a lower level, it clearly separates oceanic (cluster 1 and 2) and neritic fauna (cluster 3 to 5). The stations of the northern Weddell Sea (cluster 1) differ little from those located off the coast over deep water (cluster 2). Cluster 3 represents the southern shelf stations. The north-eastern shelf stations are separated into two sub-groups (cluster 4 and 5). Cluster 4 consists of three shallow water stations close to the ice shelf. They show more similarity to the southern shelf stations than those of cluster 5, which are influenced by oceanic waters. Although heterogeneous, the stations of cluster 4 and 5 are lumped together as a shelf community defined by both neritic and oceanic features. From these results three distinct communities can be derived: the Southern Shelf Community, the Northeastern Shelf Community, and the Oceanic Community. According to this separation the geographical grouping of the stations is shown in Fig. 5 .
Community Structure
The occurrence of the zooplankton species in each community is indicated in Table 1 (S = Southern Shelf Community, N = North-eastern Shelf Community, and O = Oceanic Community). The percent composition of the species and the different feeding types in the three communities are shown in Fig. 6 The North-eastern Shelf Community has abundances three times higher (~ = 31 107 larvae/1000 m 3) than the southern one, consisting mainly of young copepodites of Calanus propinquus and Calanoides acutus (60.9o7o). The high portion of the Calanidae highly affects the structure of the zooplankton community. Although abundant with a mean of l112ind./1000m 3 the larvae of Euphausia crystallorophias only amount to 3.6°7o in the Northeastern Shelf Community whereas in the Southern Shelf Community 2748 ind./1000 m 3 represent a much higher percentage of 29.7°7o. The same applies to Metridia gerlachei, which is a relatively small component (13.90/0) of this community. Although inhabited by 64 species, only five constitute more than 95O/o of all individuals in this community. The prevailing feeding type is the fine-filter feeder contributing 64.5% whereas coarse-filter feeders form 17% and omnivores 16°70. Carnivores are scarce with a portion of only 2.5%.
The Oceanic Community is dominated numerically again by the Calanidae (35.5%), but in contrast to the North-eastern Shelf Community significantly more species occur in larger numbers. Several species contribute to the mean abundance of 22968 ind./1000 m 3, i.e., Metridia gerlachei (24.6%), Oithona spp. (8.2O7o) and Oncaea spp. (8.1%), Ctenocalanus citer (4.5%), chaetognaths (4.5O/o) and ostracods (3.8%). The large quantities of young copepodites were found over the continental slope and the deep trench off Camp Norway (cluster 2), but not in the open Weddell Sea. Furthermore, Thysanoessa macrura, Scaphocalanus vervoorti, Rhincalanus gigas and Dimophyes arctica are abundant components of this community. Again dominated by filter feeders (43.8%), omnivores (32.2O7o) and carnivores (24O7o) form substantial portions of the Oceanic Community.
Discussion

Number of Species
A number of 1 lO zooplankton species found in the Weddell Sea is a relatively low quantity compared to the diver- sity of warm water meso-and macrozooplankton. For example, Deevey and Brook (1977) encountered 326 copepod species in the Sargasso Sea. However, the number of species should always be examined carefully according to haul depth, type of sampling gear and time of sampling. The present investigation has been carried out during five weeks of austral summer. It only considers samples of the surface waters, whereas Deevey and Brook (1977) have sampled down to 2000m over a period of three years. In the upper 150 m of the Nova Scotian Shelf and its slope region Sameoto (1984) found 64 zooplankton species including ichthyoplankton. With regard to depth and time of sampling (late summer) his investigation is more comparable to our study. Up to now comprehensive zooplankton studies in shelf waters of the Southern Ocean analyzing species composition were lacking. Therefore, species numbers can only be compared to those other authors found in offshore regions of the Southern Ocean, mostly in surface waters at the Antarctic Peninsula. For example, Montfi and Oliveira (1986) analyzed the trophic relationships of the zooplankton community near Elephant Island and found 34 macroplankton species during two Brazilian expeditions. Jazdzewski et al. (1982) sampled zooplankton in Bransfield Strait and southern Drake Passage and recorded a total number of about 70 taxonomic groups of various levels. In the Croker Passage which is surrounded by land masses the zooplankton community of the upper 1000 m consisted of 106 species (Hopkins 1985a) . However, many of the 64 copepod species occurring there are meso-bathypelagic and are absent in the surface water of the Weddell Sea. Consequently Hopkins (1985a) did not find neritic species, like Euphausia crystallorophias, and meroplanktonic larvae, which were abundant in the coastal Weddell Sea. In Bransfield Strait and Drake Passage encountered 34 copepod species in the upper 200 m, but only 18 in the high-Antarctic shelf waters of the Prydz Bay (Zmijewska 1985) . Similar ratios are observed in the Weddell Sea, where species numbers of coelenterates, copepods and chaetognaths conspicuously decrease from the northern oceanic region to the eastern and southern shelf waters. On the other hand the shelf plankton contains many larvae and juveniles of benthic animals, which again increases the species diversity in shallow coastal waters.
Distribution and Abundance
Coelenterata. Hydromedusae are not very numerous in the Antarctic Ocean. Calycopsis borchgrevinki has a circumpolar distribution (Baker 1954), but according to Kramp (1959) it is restricted to the Atlantic sector of the Southern Ocean. We found the species in small numbers in the northern Weddell Sea, mainly below 200 m in the Warm Deep Water of the Eastwind Drift. A similar distribution pattern was obtained for Botrynema sp. (probably Botrynema brucei) which is a bathypelagic form of the Warm Deep Water (Kramp 1968 ).
The siphonophores Dimophyes arctica and Diphyes antarctica were widely distributed all over the Weddell Sea. Both are predominant macroplankton species of the Oceanic Community, with a mean abundance of 157 and 13 ind./1000 m 3, respectively. According to Hopkins (1985a) they prefer the depth strata between 200 and 600 m. Diphyes antarctica is endemic in the Southern Ocean (Moser 1925) , while Dimophyes arctica occurs in all oceans at temperatures between -1.1 °C and 13.3 °C (Moser 1925) . Pyrostephos vanhOffeni was caught in coastal waters of the Weddell Sea, which coincides with records of Moser (1925) and Totton and Bargmann (1965) who found the species close to the continent and under the ice of the Ross Sea. Vogtia serrata, a bathypelagic cosmopolitan (Moser 1925) , occurred in the deepest stratum only, bound to the Warm Deep Water of the Eastwind Drift.
Gastropoda. Echinospira forms of gastropod larvae are well known in temperate seas (Lebour 1935 ), but were recorded for the first time in Antarctic waters during our survey. Pelagic larvae of prosobranchs are an exception in polar seas (Picken 1980) . The two species we found belong to the lamellariidae and occurred in the upper 200 m of the shelf waters, mainly in the south. The endemic pteropod Limacina helicina lives in the upper stratum feeding on phytoplankton (Gilmer 1974 ) and showed largest concentrations in the Gould Bay. High abundances in the southern Weddell Sea may be due to an accumulation by the coastal current, which is strongest at the surface. Although occurring mainly in shelf waters the species is not exclusively neritic, but develops in masses in areas of phytoplankton blooms (Witek et al. 1985) . According to Sakshaug and HolmHansen (1984) the bloom does not start before February in the high-Antarctic waters. Actually, during February 1983, primary production was very high in the southern Weddell Sea, reaching i670 mg C/m2/day (Von BrOckel 1985) . Another thecosomatous pteropod, Clio pyramidata, was mainly found in the northern Weddell Sea and represented a characteristic species of the Oceanic Community. Chen (1968) Polychaeta. Among the polychaetes of the Weddell Sea the cosmopolitan species Pelagobia Iongicirrata (Hartman 1964) is the most frequent. Its dominance in Antarctic waters is often reported (Tebble 1968; Orensanz et al. 1974; Stop-Bowitz 1977) , even in the coastal areas of the Weddell Sea (Augener 1929) . In summer, the species lives at the surface feeding on phytoplankton (Hopkins 1985b) . In lower latitudes it is inhabiting deeper layers (Tebble 1960) . During an Argentine zooplankton survey from South America to the northern Weddell Sea, highest 28 abundances were found in the Drake Passage (Orensanz et al. 1974) . Maupasia coeca was rarely caught possibly due to its distribution extending to 750m depth (O'Sullivan 1982) . The alciopids Rhynchonereella bongraini and Vanadis antarctica are endemic polychaetes.
They were missing in the southern Weddell Sea. According to Augener (1929) Rhynchonereella bongraini occurs in the northern Weddell Sea. In the Ross Sea the species is abundant (Stop-Bowitz 1977) . Vanadis antarctica has very low abundances. Its circumpolar distribution reaches as far north as the Antarctic Convergence and it is found down to 2000m (Hartman 1964 (Hartman 1964) . Their vertical distributions reach down to 3000 m and 2200 m, respectively (O'Sullivan 1982) , where they inhabit the Warm Deep Water (Hardy and Gunther 1936) . In contrast, in the Weddell Sea both species were concentrated in the upper 50m with Thyphloscolex mOlleri being relatively abundant (:~ = 27 ind./1000 m3). The discrepancy might be explained by seasonal differences in the vertical distribution or ontogenetic migrations. The occurrence of larvae and juveniles of benthic polychaetes like Polynoidae, Syllidae and Spionidae in shelf areas is known from earlier reports (Ehlers 1913; Augener 1929 ). In the Weddell Sea Bylgidespelagica was most abundant. According to Hartman (1964) the species is identical with Herdmanella gracilis which Augener (1929) described as the most frequent polychaete of the Weddell Sea. The spionid larvae were also encountered regularly on the shelf. They are described in detail by Ehlers (1913) who found them in "swarms" close to the continent.
Ostracoda. Ostracods have significantly higher abundances in the oceanic than in the shallow waters of the Weddell Sea. Hardy and Gunther (1936) described eight species of the genus Conchoecia occurring over the deep waters around South Georgia. In the Croker Passage Hopkins (1985a) found seven species down to 1000 m, dominated by Conchoecia belgicae, Conchoecia isocheira and Conchoecia hettacra (114, 79, and 13 ind./1000 m 3, respectively), which preferred the deeper layers. However, the ostracod abundance in the surface water of the Weddell Sea amounts to 423 ind./1000 m 3.
Copepoda. Distribution patterns of copepods were studied in coastal areas of the Ross Sea (Farran 1929) , Prydz Bay and Weddell Sea (Kaczmaruk 1983) . Among the 29 copepod species caught in the upper 300 m of the Weddell Sea the large-sized species Calanus propinquus, Calanoides acutus and Metridia gerlachei were very numerous and made up 80% of all copepods caught. In the Prydz Bay during February 1969, they also were the most numerous copepods caught . However, Kaczmaruk (1983) Voronina (1970 Voronina ( , 1972a concluded that these three species occur in the surface waters successively from north to south. Calanoides acutus is the earliest in austral spring ascending from deep layers to the surface where spawning takes place. The young copepodites live in the uppermost stratum and make up the majority of the population. With progressing development they migrate somewhat deeper but remain in surface waters during the summer. In autumn the copepodites IV-V descend to deeper layers to overwinter. The development of Calanus propinquus starts later in the season, and Rhincalanus gigas migrates late to surface waters. Hence, it depends on time and latitude which species is found to be dominant. That explains the different abundances given by Farran (1929) , Ottestad (1932 Ottestad ( , 1936 and Vervoort (1951) . Calanoides acutus is known to penetrate southernmost waters, whereas Calanuspropinquus prefers the waters of the Westwind Drift. The main distribution of Rhincalanus gigas is sub-Antarctic, spawning takes place only in waters with surface temperatures above 0 °C (Ottestad 1932) . In the northern Weddell Sea Ommanney (1936) and Steuer (1937) found no summer generation. This is in accordance with the distribution of Rhincalanus gigas in the present study. No copepodites I-III were encountered, older stages were scarce and mainly found in the Warm Deep Water. Unfortunately, we cannot prove whether the ontogenesis of Calanoides acutus is different from that of Calanus propinquus because young stages were not separated. Regarding the copepodites IV-VI only, numbers of Calanoides acutus are double the amount of Calanus propinquus. The high quantities of young copepodites in the North-eastern Shelf Community are difficult to explain. Presuming that spawning took place in the northern shelf areas, a sufficient food supply and accumulation by hydrographic features might be responsible for the local maintenance of the summer generation. According to Vladimirskaya (1978) the species have significantly higher numbers in the Eastwind Drift than in the Weddell Sea. The vertical distribution of the Calanidae is typical for the summer months (Voronina 1972b) . All stages live in the surface layer, the youngest in the uppermost stratum.
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The third abundant species, Metridia gerlachei, lives below the thermocline and is very numerous down to 1000m (Ottestad 1932) . In the Eastwind Drift abundances are lower than those of the Calanidae, but in the Weddell Sea Metridia gerlachei outnumbers Calanoides acutus (Ottestad 1936) . Its distribution reaches from 60 °S to the continent with dense concentrations close to the ice edge (Farran 1929) . In coastal waters off the Antarctic Peninsula Metridia gerlachei is more numerous than in adjacent oceanic waters (Jazdzewski et al. 1982; Schnack et al. 1985) , and in the Croker Passage it is the dominant zooplankton species, being first in biomass and second in numbers (Hopkins 1985 a) . The species is omnivorous and undertakes diurnal vertical migrations (Vervoort 1965) . In the present study the absolute numbers of Metridia gerlachei are highest in oceanic waters, but the species represents a substantial portion in the Southern Shelf Community.
Apart from these copepods only Ctenocalanus citer, Oithona spp. and Oncaea spp. were abundant species. Ctenocalanus citer was relatively numerous contributing 5.207o of all copepods caught, while Kaczmaruk (1983) even recorded a portion of 20070 at most stations. She found highest abundances off the northern coast corresponding to our results. This herbivorous species lives epipelagically (Vervoort 1951) . The cyclopoid copepods Oithona spp. and Oncaea spp. can dominate in numbers:
In the upper 1000 m of the Croker Passage Oncaea curvata was the most numerous zooplankton species, Oncaea antarctica was third in numbers (Hopkins 1985 a) . In the southern Weddell Sea Oithona spp. dominated all stations west of the Filchner Depression (Kaczmaruk 1983) , and at the Antarctic Peninsula both genera together have a portion ranging from 4007o to 8007o (Schnack et al. 1985) . In our study they only reach about 4070 each. These discrepancies can be explained by the smaller mesh sizes (162-253 ~tm) other authors used. As mentioned above, young individuals were not caught quantitatively by the RMT 1. Except for Oithona similis, species of both genera mainly live below 300 m (Hopkins 1985 a) , which is another reason for the lower abundances of the present study. The genus Oithona is probably represented by two species, Oithona similis and Oithona frigida, the latter living mainly between 400 and 800 m (Hopkins 1985a ). Both are cold-water species (Rosendorn 1927) . Oithona frigida is endemic and often encountered at the ice edge (Farran 1929 ). Oncaea curvata is described as typical Antarctic species which occurs only south of 60 °S and is frequent in the ice zone (Wolfenden 1911; Farran 1929) . Compared to other studies abundances in the oceanic Weddell Sea are smaller by one order of magnitude.
In the remaining 5.5070 of all copepods, the Euchaetidae were highest in numbers. Euchaeta antarctica numerously occurs down to 1000 m (Hopkins 1985 a) and is a typical inhabitant of the Warm Deep Water (Vervoort 1965) . Accordingly, adults and copepodites IV-V were mainly found in the deeper strata of the northern Weddell Sea, but young stages are most numerous in the south. As inhabitants of surface waters between 50 and 200m they were probably carried southwards by the coastal current. While other authors described Clausocalanus laticeps and Clausocalanus brevipes in the Eastand Westwind Drift (Frost and Fleminger 1968; Nakamura et al. 1982) , we found both species in coastal waters only. Of the Aeteidae four rare species occurred in the Weddell Sea: Euchirella rostromagna and Gaidius sp. were restricted to the oceanic waters, likely because they prefer the Warm Deep Water (Vervoort 1965) . Apetideopsis inflata and Aetideopsis minor, reported from layers below 400 m (Park 1978) , were probably carried with the Deep Water as far south as the Filchner Depression.
Stephos longipes is a common Antarctic copepod (Wolfenden 1911 ) and was present in the Weddell Sea at all coastal stations, mainly in the uppermost stratum. An identical distribution pattern was found by Kaczmaruk (1983) . In contrast, during April 1983 Hopkins (1985a observed maximal densities between 400 and 600m assuming the beginning winter descent. Apart from Scolecithricella minor, the Scolecithridae clearly prefer oceanic waters. Racovitzanus antarcticus and Scaphocalanus vervoorti are restricted to the Warm Deep Water (Vervoort 1965) . Although known from bathypelagic layers (Park 1982) Scaphocalanus vervoorti was encountered in relatively high numbers in surface waters of the northern Weddell Sea. Scolecithricella minor was present at nearly all stations, whereas Kaczmaruk (1983) did not record this species. The Augaptilidae and Heterorhabdidae do not penetrate into the shelf waters. Haloptilus ocellatus, Haloptilus oxycephalus and Heterorhabdus sp. mainly inhabit the Westwind Drift and are transported into the northern Weddell Sea with the Warm Deep Water (Vervoort 1965) . With the exception of Microcalanus pygmaeus, which can reach dominant numbers in the waters off the Antarctic Peninsula (Schnack et al. 1985) , all copepod species abundant in the Eastwind Drift are also numerous in the inner Weddell Sea.
Euphausiacea. Among the euphausiids Euphausia crystallorophias is the dominant species in shallow waters (<400m depth) of the Weddell Sea (Fevolden 1980; Siegel 1982) . It is known as a key species of high-Antarctic shelf regions (Kittel and Presler 1980; Piatkowski 1985 a) . Replacing Euphausia superba in shallow waters it is a staple food of typical krill consumers (Mackintosh 1970) . The larvae of Euphausia crystallorophias feed on phytoplankton, older stages can also cope with detritus and benthic diatoms (Kittel and Ligowski 1980) . The larvae were found in the uppermost stratum, juveniles and adults in deeper layers, coinciding with a change of main feeding type during ontogenesis. The adults occurred on shelf stations only, while larvae were numerous in coastal waters, even over deep trenches. Highest abundances were found in the Filchner Depression and Gould Bay. They form a main component (29.7°70) of the Southern Shelf Community. The larvae of the northern shelf areas are further developed than those south of the Halley 30 divergence. The delayed polynya formation in the south causes a retarded onset of spring conditions, which is probably the reason for the species not to spawn here before January. Similar conclusions are described by Hempel and Hempel (1982) who encountered the earliest larval stages in the south. In shelf areas off the Antarctic Peninsula also Euphausia superba, the Antarctic krill, occurs in large swarms, but the swarms are always spatially separated from those of Euphausia crystallorophias (Kittel 1980) . In the Weddell Sea Euphausia superba occurred in large numbers only in the north-eastern region. High concentrations of krill are often observed in areas favouring phytoplankton blooms like the ice-edge zone (e.g., Ruud 1932; Tranter 1982; personal observations) . In spite of high primary production in the southern Weddell Sea (Von Br6ckel 1985) , Euphausia superba is far less successful than Euphausia crystallorophias. Possibly, it lives underneath the ice of the Weddell Sea raking off diatoms from the underside (Hempel 1987) . In contrast to other studies (e.g., Fevolden 1980) we found only few larvae. In the Weddell Sea, Euphausia superba does not spawn before February (Hempel and Hempel 1982) . Gravid or spent females are found in the shallow Atka Bay, but not in the inner Weddell Sea (Siegel 1982) , and the encountered larvae stem probably from higher latitudes.
Thysanoessa macrura is the second dominating euphausiid species in the Southern Ocean (Mackintosh 1934) . In February and March 1983 the species was an abundant component of the oceanic Weddell Sea. To avoid competition with Euphausia superba the species spawns earlier in the season (Makarov 1979) . Early larval stages occur from September to December depending on latitude (Makarov 1979) . In the Weddell Sea the predominating furciliae (>90o70) indicate the ongoing season. The larvae do not penetrate the southern shelf, which is in good accordance with results of previous investigations (Fevolden 1980; Hempel and Hempel 1982; Siegel 1982) .
Decapoda. Pelagic larvae of benthic decapods were found in the shelf waters: Notocrangon antarctieus and Chorismus antarcticus are endemic and circumpolarly distributed (Yaldwyn 1965) . Chorismus antaretieus is most abundant in shallow waters down to 300 m, while Notoerangon antareticus prefers depths between 300 and 600 m (Kirkwood 1983) . Probably due to the deep shelf in the inner Weddell Sea we found mainly larvae of Notocrangon antarctieus. The bathypelagic species Acanthephyra pelagiea and Hymenodora gracilis occurred over great depths in the northern Weddell Sea. They are also known from the Northern Hemisphere. Acanthephyra pelagica lives in deeper layers down to 4900 m, and Hymenodora graeilis is frequent below 3500 m, but its vertical distribution even extends to surface waters (Kirkwood 1983) .
Mysidacea. The mostly juvenile mysids we caught belong to the genus Antarctomysis with the species Antarctomysis maxima and Antarctomysis ohlini. Both are endemic forms of the Antarctic shelf (Birstein and Chindonova 1962; Ward 1985 (Andres 1978) . Orehomeneplebs spawns in shallow waters, the eggs develop during winter and hatching takes place in spring. In summer the juveniles occur on the shelf, whereas the adults live as deep as 760 m (RakusaSuszczewski 1982) . We suppose that the animals of the southern shelf are younger than in the northern areas due to the later onset of spring. On the northern shelf they already live close to the bottom. This correlation between vertical distribution and ontogenesis may also explain the distribution of Eusirus propeperdentatus, Eusirus mierops and Epimeriella maeronyx, of which we found juveniles only. Eusirus propeperdentatus is the dominant gammarid in the mesopelagic environment of the Scotia Sea (Andres 1978) . In the present study it was a typical form of the southern shelf fauna. The distribution of Allogaussia maerophthalma extends north to sub-Antarctic waters (Birstein and Vinogradov 1962) . It was only found on a few oceanic stations.
Primno maeropa was the most abundant hyperiid amphipod frequently encountered in the Eastwind Drift. It avoids the cold coastal shelf water (Bowman 1985) .
Hyperiella dilatata, Hyperiella macronyx, Hyperoehe medusarum and Cyllopus lucasii were well-distributed over the entire area showing moderate numbers, which agrees to earlier records from the Weddell Sea (Hempel et al. 1983; Weigmann-Haass 1983) . Although Themisto gaudiehaudii is the dominant hyperiid of the Westwind Drift (Kane 1966) , the species was not encountered in our samples. It is a prevailing component off the Antarctic Peninsula, but missing where Weddell Sea Water intrudes into the Bransfield Strait (Piatkowski 1985a) .
Chaetognatha. Chaetognath species are uniformly distributed in the Southern Ocean (Mackintosh 1934) . They have a circumpolar distribution (Alvarifio 1983a, b) and are major components of the zooplankton in the Westwind Drift (David 1958) . Sagitta gazellae and Eukrohnia hamata are dominating species (Hagen 1985) which is confirmed by the present results. Sagitta marri and Eukrohnia bathypelagica are characteristic species of the Oceanic Community not penetrating the shelf water.
Sagitta maxima is an abundant sub-Antarctic species (David 1958) and was almost absent in the Weddell Sea. In our study, the abundances of chaetognaths are probably underestimated, because individuals smaller than approximately 30mm in length are not quantitatively sampled by the RMT 8 (Hagen 1985) .
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Tunicata. The often observed patchy distribution of the tunicate Salpa thompsoni is caused by a small-scale rapid multiplication during times of sufficient food supply (Foxton 1966) . Although the subsequent dense aggregations are well-known from other parts of the Southern Ocean, especially in oceanic regions (e.g., Mackintosh 1934; Foxton 1966; Piatkowski 1985a , b, Witek et al. 1985 , only few large concentations were observed in the oceanic Weddell Sea. Appendicularians, numerous during January and February 1985 off the north-eastern coast (Hubold et al. 1988) , were not encountered during our survey.
Vertebrata. Among the fish larvae the notothenioid Pleuragramma antarcticum is known as dominant species on the Weddell Sea shelf (Keller 1983; Hubold 1985) . Distribution and abundance during February and March 1983 is described in detail by Hubold (1984) . In the Southern Shelf Community the species was a main component of the macrozooplankton. Except for Aethotaxis mitopteryx all other notothenioids were caught in small numbers. The mesopelagic paralepidid Notolepis coatsi and the myctophids were typical species of the Oceanic Community.
Community Analysis
Most Antarctic zooplankton species are known to have a circumpolar and even distribution (e.g., Mackintosh 1934; Baker 1954) . However, recent oceanographic studies in the Atlantic sector of the Southern Ocean demonstrate that bottom topography and water mass distribution disarrange this uniform distribution pattern: dense zooplankton concentrations occur at "shelf breaks" near Elephant Island (Shulenberger et al. 1984) , at frontal systems like the Weddell-Scotia Confluence (Brinton et al. 1986; Nast 1986) , and in shelf waters of the Palmer Archipelago (Witek et al. 1985) . Moreover, it has been demonstrated that the patchy distribution of several Antarctic zooplankton species (e.g., Euphausia superba, Salpa thompsoni) intensifies their large-scale uneven distribution pattern (Hamner et al. 1983; Everson 1984) .
The patchy distribution of zooplankton species is generally known to cause confusion in sampling pelagic communities (e.g., McGowan 1974; Haury et al. 1978) . As Haury et al. (1978) emphasize, oceanographic surveys always investigate "true patterns" of the zooplankton distribution through a "sampling filter", which is caused by sampler selectivity, sampler efficiency and avoidance. These factors can strongly bias the "true patterns", hence the investigator receives "observed patterns" of the zooplankton distribution, which diverge from the "true patterns". Especially avoidance is an important source of error. Recently this was clearly proved for the RMT 8 (Everson and Bone 1986) which we used to collect zooplankton. Although this net is a relatively large gear to sample zooplankton, the authors conclusively showed the net avoidance of Euphausia superba during hauls at daylight. Large nets, however, possess a greater ability to detect rare species (McGowan and Fraundorf 1966) which is essential in each community study.
The communities outlined here comprise a relatively large area (Fig. 5) . Antarctic plankton communities of similar range are analyzed by Rakusa-Suszczewski (1983) , who established a "continental", an "antarctic" and an "intermediate" community off the Antarctic Peninsula considering distinct trophic relations and the dominance of certain taxa. Other community studies in the Southern Ocean are confined to distinct localities only. For example, Hardy and Gunther (1936) give a detailed synopsis of the zooplankton around South Georgia, Hopkins (1985 a) analyzes the zooplankton community of Croker Passage, Antarctic Peninsula, Miller (1985) compares the macroplankton off the Prince Edward Islands and Gough Island, and Boden and Parker (1986) give a compilation of the plankton species occurring around the Prince Edward Islands.
Multivariate data analysis is now a well-established technique to analyze multispecies distribution patterns of extensive studies in marine environments (Field et al. 1982; BOlter and Meyer 1986) . It has already been applied successfully to RMT 1 and RMT 8 data describing a mesopelagic community in the North East Atlantic (Domanski 1984) . Especially cluster analysis is often used to analyze variability and community structure of zooplankton populations (e.g., Angel and Fasham 1973; Mackas and Anderson 1986; Sameoto 1986 ). Zooplankton community studies in the Southern Ocean using cluster analysis to search for biotic patterns were performed by Miller (1985) and recently by Hubold et al. (1988) . By clustering RMT-data Miller (1985) detects a "marked faunal dissimilarity" between two sub-Antarctic islands (Prince Edward Islands and Gough Island, respectively), which he explains by hydrographic differences. Hubold et al. (1988) employ cluster analysis to compare zooplankton compositions of two target areas in the coastal waters of the Weddell Sea, and to test the sensivity of cluster analysis concerning reduction of the number of considered taxa to characterize the zooplankton communities obtained.
Cluster analysis applied to our extensive data sets from different stations divides the environment "Weddell Sea" into three subunits which represent different faunal regions (Figs. 4 and 5) . The variability of the zooplankton species number and their relative dominance hierarchy cause this separation. The Southern Shelf Community comprises all stations situated on the large southern shelf. Depth profiles of water temperature and salinity show no obvious stratification of the water column (Fig.  2) . The cold shelf water characterizes the epipelagic zone. Species abundances are low compared to the other communities. The Southern Shelf Community is dominated numerically by the copepod Metridia gerlachei and the calyptopis stages of Euphausia crystallorophias. However, they are not indicator species of this community, because they also appear quite frequently in the other 32 communities (Fig. 6) . The same applies to larvae and juveniles of Pleuragramma antarcticum and the pteropod Limacina helicina. Normally low in abundance, but typical for the near-continent fauna are several gammarids, which are known to live close to the bottom on the Antarctic shelf (Thurston 1974) . Euphausia crystallorophias is a prevailing component of both shelf communities. Its dense concentrations have been already reported from other high-Antarctic shelf regions (RakusaSuszczewski and Stepnik 1980; Piatkowski 1985a ).
Approximately at 75 °S 27 °W, near Halley Bay, the main branch of the water masses flowing along the shelf edge in a south-westerly direction is deflected to the northwest to enter the Weddell gyre (Gill 1973; Carmack and Foster 1977;  Fig. 3 ). South of Halley Bay only a narrow coastal current continues in a southerly direction, possibly responsible for the transport of several zooplankton species towards the southern shelf. The divergence zone of the currents acts as a border separating the Southern Shelf Community from the adjacent North-eastern Shelf Community.
The stations of the North-eastern Shelf Community are located on the narrow shelf of the north-eastern Weddell Sea. Its slope region is characterized by a convergence zone separating the cold shelf water from the warmer water masses of the Eastwind Drift. Therefore, both neritic and oceanic species contribute to this community and no indicator species can be identified. Trophic diversity is low compared to the other communities (Fig. 6) , due to the very large portion of calanid copepodites (73.6%) which represent the bulk of the filter feeders (81.5%). The very large abundances of only few species is a striking phenomenon of this community. In community studies of the Weddell Sea regarding only macroplankton species (Piatkowski 1987; in press ). Euphausia superba is the dominating euphausiid in the North-eastern Shelf Community. Some surprisingly rich krill samples (> 100 ind./1000 m 3) have been yielded at the continental slope. Perhaps these dense aggregations indicate spawning grounds of the Weddell Sea krill. However, no sufficient numbers of eggs or metanauplii have been detected in February and March 1983 to confirm this assumption. Since spatial variability of plankton communities is most intense at continental margins and in areas where different water masses meet (e.g., Cushing 1961; Longhurst 1976) , the heterogeneity of the northeastern Shelf Community is not surprising. A very narrow sampling grid would be necessary to distinguish between neritic and oceanic features. The Oceanic Community consists of the stations in the northern Weddell Sea and of those located over deep water off the northeastern coast (Fig. 5) . In contrast to the other communities more species appear in moderate to large numbers. The share of gelatinous species, typical macroplankton components of the open sea, is significantly larger than in the shelf communities. They contribute several indicator species: e.g. Vogtia serrata, Atolla wyvillei. Thus, the Oceanic Community is largely identical with communities known from other oceanic regions in the Southern Ocean, e.g., the "antarctic" community as described by Rakusa-Suszczewski (1983) . There are also great similarities to the zooplankton community in the Croker Passage (Hopkins 1985 a) . This is especially obvious for the copepods: Metridia gerlachei and Calanoides acutus -together with Euchaeta antarctica -form the major part of the zooplankton biomass in the Croker Passage (Hopkins 1985a) . They are also numerically dominant components of the Oceanic Community in the Weddell Sea. Furthermore, the carnivorous cyclopoid copepods of the genera Oncaea and Oithona are characteristic forms of both, the community in the Croker Passage and the Oceanic Community. In both communities copepods largely outnumber euphausiids. However, Mujica and Torres (1983) show that in waters north of the Antarctic Peninsula the relation can be vice versa and they conclude that the groups exclude each other.
A striking difference to the shelf communities consists in the different portions of the feeding types (Fig. 6 ). In the Oceanic Community carnivores contribute 24%0, while their fraction is negligible in the shelf communities. The division of the coastal zooplankton community into a Southern and a North-eastern Community corresponds to two phytoplankton provinces described by Von Br6ckel (1985) for the same time period. In both provinces, separated by the different percentages of the various size groupings of pennate diatoms, primary production is very high and supports efficient feeding grounds for herbivorous filter feeders. Therefore, it is not amazing that they contribute the main portion in the shelf communities whereas their quota in the Oceanic Community is comparatively low.
Summing up, the three communities we have introduced in the present study are characterized by different hydrographic conditions, different trophic diversities, and except for the North-eastern Shelf Community also by different indicator species. Species composition in each community certainly changes with season, however, similar situations are to be expected during each austral summer.
